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[*£!£] 

DLL (Digital Lock Loop) Uli&o 

[fff^2] fflfjfrgl KfEm<7)DLL!I]{&Kj3V>T, 

MUXjJy-vyy- if* h MUM 1 il® * o -y ? ^ tFffirSBfl 2II^D';^ 

D LL0Ko 

[If ^3] ffl|^lHIB«ODLLiaKtw*^T, 
mU^MMy-u y tm^m*. M (Mt± 1 J£l±OS») t?* >9 , 

D L L Hl£&o 

[W*^4] W*a 1 KIBIfcOD L L@B&K:J3V»T, 
MIBII i il^S^ ( i t±N- 1 JATOttiftoa^fBc) om^3S^-(±, l!uf£3l i 

i -bw^ mmmmmnm^ (mi±, iJiiiN-iJiiT^a» 
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DLL Inli&o 
DLL HIKo 

[lff*S6] If ^2 IcfEfcODL LH]if§tc£;v>T. 

frlE^ 1 -^Mil^od *><Dmmm j Mf? ( j ti, MWTOttf^gEI 
) (7)il5iB#p a 1 1 d j (i, huIEU 1 ii$£SIT-<7)3!®W1T d 2 . iufESfl 

t d j =T d 2 +T d 3 - j • T d 5, 

xmzttz 

D L L BHif&o 

fjgEAy^ n -y y-jf^-^MMLTlim^aM^ n -y ? m^Z &t)ir 1 ilM 
fjfE^lcOilM^ n -y ^{f #(7)^ *>^£>fjl 1 n -y tm^RZfm 2 MM? 

mrie xij ?uy? * iiM Ltn i ^« * n -y ^ « £ z> m 2 mm 
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: 



3/ 



mmm 1 tn-ytm^t mzm 2 &mm twtm^t mum 1 m~m * 



DLLMo 
D L LIUl^o 

fulfil 1 KHIfM, il^NI®t?^^ 

mriam i ii®*T-oA^^T-^(±. BtrfSATti^ n y tm^mszti, 
mum i ii&SH 1 ( i ttN- 1 aTotttos^ om#3sm±i«riat& i + 

D L LHUf&o 

[fjf^l 0] »^9^|B^DLLHIjf&iii3v>T > 
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mfifi^ i -mummed horn j smu ( j (iMJ^T^g^m) wsg^ig 

t d j fc, TO^l-^M' kiWIlISS (k(±M' 

WT^gEt) OS^PbI tdk^lt mUXti^y "7 r coMMm^T d 1 , p 

fen i m&m^mMmm t a 2 , huib^ 1 -t v * * oii5£B# n t a 3 , sow 

fEfg 2 ~^Nil^T-^SMB#^T d 5 £ffiv>T, TfE5*C : 
tdj=Td2+Td3-j • T d 5, 
tdk' =T a 1 +T a 2 +T a 3 - (M+k) - Td5 

DL LUIS&o 

[1**51 1] OKIE«ODLLEIKH::*3i/»T, 

n y ^«#o3l*>±^^ < >r<Dm\z%:2> x o k> b.^. sir is SB* 

D L L UlS&o 

[0 0 0 1] 

«^JJi. DLL (Digital Lock Loop) @KCMU #K> ab&*n-y*-f§ 
[0 0 0 2] 
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[0 0 0 3] 

mmxmili, &Mlft£DLL[I]i&&£P ? 8^LTv>& 0 H8(±, ^OfOD 
L L0i&<7)mi9&[g-C&&o LOl^ti, XJ3'*y 7710 It, I 

IH?HIK 102t 3&£>j£[ilE& 1 0 3 h =S:-^tfo il5£il^0S& 1 0 2 (i. H 
^KSStSfifcaS^Tl 0 4 i ~ 1 0 4 N (Nt±, 2W_hWgM) t> -tU 
* * 1 0 5 t *#tf 0 
10 0 0 4] 

A^'/7 7 1 0 1 OATJyroTUti, ^l£D L L @ft^«*f)M$ *t*^ 
SB* n y Mf-^C L K E x^A7J^tt^, 0 Ajjsty 77l0Ili, n y * 

[0 0 0 5] 

* n -y tm^C LKKt ilM^IUl^ 1 0 2 OH 1 l&Oil^StT- 1 0 4 i <A 

AMT-^ATj^ti&o nc^Jt-SiR^tLfea®*^! o 4 i - 1 o 4 N w\ -en 

ifTp (pliNJATOgil) ©gJ&^IHH;^ p^lv»«^l^o 
[0 0 0 6] 

tl/^^105l^ 3SM*T-1 0 4i-10 4 N om#^^^;Jx-r*Lffi7j 

2oco^n 7^ifFDL0, FDLEiSKUttiJtSo ?u y rim^FD 
LO, FDLE(7)H^ ^ n y ^ff F D L E li, ^tg(7)lSf i 1 1 0 4 2 q 
^^mTJ^tL^^n-y^jg-^^JSL. ^oy^if FDLOli, ^tt^l® 
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m^-l 0 4 2 q + 1 frbtittZfrZ? n y ? m^^ttfc-f Z> o i-tqlt 2 q 

+ i7&*N*jex.fcv»,t ? ca^$^e^*S!tT?**o i o 2 * 

D-y^tf FDLO, FDLE££-j£L"CI*|gB*ny ^ffCLK i N^^"t 
& 0 a®^*EIttl 0 2lt Ml:, -££>il&f$ffl (>wv-l/-H Srtt^upjg 

[0 0 0 7] 

<2r&IC9-e<7)D L L 0i®c9^ V- Hi, ? u y ^f-^T \ ~T n<7) 7 %<D 2 
o£MJK«^ LT? n 7 ^ifFD LO, F D L E ZOLfclrh Z.£\z X. o XWx 

[0 0 0 8] 

afci&nsMtTi 0 4 i~i 0 4 N^Sfc^^in^-^* ^> =srdlliiib&7&^i 

< &oT 9 d t-C&&o 0 4!-104 N c7)i^^if 

fln£-£&i:, tl/^^ 1 0 5 0A^F^sT-<7)m^liin1-^o mn^^t-oxiui^ 
hihX^2>£o^, -tV^^ 1 0 5<7)A^^I»Dt^t, ^-tLtC^oT 
■bV^^lO 5 0®®B#P*W±i^-t-?>o -tW^^l 0 5<7)3I5SB#FB^±^^:tC i *) 
, ^IJCD L LHU&^ft/J^V- h ^^Lt do D L L H]8§<7><t/J^ ;i/ 

[0 0 0 9] 

DLL [HS§{i> I--- Kh a DLL IHK&fi 

[0010] 
[#N#i^m 1 ] 

Tatsuya Matano et al. f \*)V-l<- Y tftgm £ titz&?)^ 'y 7 7 ^^ts , 
lGb/s/p i n(0512Mb DDR2 SDRAMJ (A lGb/s/pin 512M 
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b DDR2 SDRAM using a digital DLL and a slew- rate-control led output buffe 
r", 2 0 0 2 V L S I > >ly^ : f«#^ 9 - 1 
[0 0 1 1 J 

o 

[0 0 12] 
[0 0 131 

*m*Kz*T>LLmm±. \t}?uy?m^ (clkd ^islt, mm 

<DMM?uy?m-% (Ti~T N ) Z&tllr&m IMmWi&t. ttfwil^n 
u/^M-^- (Ti~Tn) ^^fc&ia^ny^te^Rtf^jffi^ny* 
fc-Jf- (CLK_E. CLK_0) ZmiRL'atitilr&m 1 -t * (7) fc, A 
Jj ? U V ? (CLKl) ^IILt^II^Dy ^f"^ (CLKD) 

-r&H2 jiMnn® (3) 'j?mm? v v ? (clkd) ^111^7 

^'ff-^tH2 3l®^n ^^>fi-^ (CLK_E, CLK_0) t<Do *>frb 2 ^><D 
y (FDLE, FDLO) *WgK Lt 0 2 -b U * * (4 

) t> l^Dy^lf (FDLE. FDLO) frbftUfWtm^ (CLK 
IN) Sr^LTffi^f *a®^JKEIJ» (5) h^fitv^ 0 ±j£O^SM^ 
tty^Mw-Sf- (CLKD) It, (7) £ £ & < $ tl& tz 

tb, xtjtuytm^ (clki) frh<omw%to*'S*z<irzz£im$&-cib 

h 0 ilD L L 0j&(±, ^Il^n-^^t (CLKD) &fflv>-C|*|g&* n 
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•y^fg-t (CLKin) iot, *-o*/Kx;i/-u- hfc/h 

[0 0 143 

:©i9«;ili±, TJtJ^n (CLKl) fflrfB^a^ n y 

(clkd) tfOLWi.z*LZ>mw%m*, mtxti ? v y ? (clkd & 
bmimm?uy?m^%.z?m2mm?uy?m j $ (clk_e. clk_o) 

[0 0 15] 

X *) Mitm-ii, 'J?MM? n y?m-% (CLKD) (D&ZM (M(±UUOi 
&) fcU, M+a^ftOlg^n-^ff (Ti~T N ) OgcNJ: O 

T i - T N ) oifc£#<-f £-<hCJ:o-T-ec7)*;i/-V- b oij^ #&$EH£A 
Kf^^^^Ho -e<7)— I^n^m (Ti~T N ) (7)^Nt& ? 
±& <%Ztmi*l'?? (7) OiiMH#PW*£ < il-tl/^^ (7) 

t±, ffll-fel^? (7) ^^f^ i t ^ < n '7 f (CL 

KD) *my<*XftU?Vy?m-% (CLKin) Z$Lf&1r2>Zt&-iiIjfeX»$>t), 

[0 0 16] 

mfia^ i iiMiu^ (6i~6n) w.nfc&mztLfzni-miimmm** 
-SAs-cmj&ztizzttitvrm-e&Zo iiiit? (61) oa^js 

TKliu A^I^D^ff (CLKl) iilEff (6 i) (i 

(iN-l^fitOSit) Offl^yg^ti, MfS^ i + 1 (6 i+i 

) OA^STCgl^tlSo f&l-bl'?* (7) (i N Imlll? (6 m ) (m 

f±, 1 JSlJbN— 1 *>^<b5iK$*t&ik) SO f fm+ 1 a®*^ 

(6 m +i) vmtjm^frbzti'Ftiizmjjztiz? u y (T m , T m + 

l) &imte?v .y ^ji^Ll f ^2M^ n -7 ^'ff-i- (CLK_E, CLK 
_0) LTS^LT£±lt/1-^o 
[0 0 173 
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-co^, AJ^O'^lf (CLK1) frh'Jsmm?v y tit^ (CLKD 

7) (Dmmmm (7) ofpi o ^m^^t^mmx^^o 

[0 0 18] 

^IS^n-^ff (CLKD) 1 CR?>*l4v^ 'JsMtefvytm 

■f- (CLKD) £>&ti, M (Mtt 1 J£U:Og&) "e&£ £ <h ^pT#£-e&£ 0 
[0 0 19] 

^2il®|Illf& (3) A^^n-y^jf-^- (CLK1) ri*t> ^M5£ ? n * ft 
^ (CLKD) ^fWCW^Il -IflMjiEf? (3 i ~3 M : M=2) 

z&ts®^ mimfemm (6 i~6 N ) ^^^^i2^Niit? (6 2 
~6 N ) oii®B#r B i(i, ra— • ^2Kini^ (3) <7)0 1 -mumMm ( 

3i, 3 2 ) ^ *)(7)frfe^ j ii5£§f (jl±, MJ^T(0ftf<7)Sit) (DmMM 

&itdj (±. tuiE^iM^T- (6 1) (Drnm^mrd 2, n-ti/^^ (7) 

©IiBtfa1Td3, H2-HNM5£*T- (6 2 ~6 N ) OSSEIWT d 5 £ffiv> 

r 

tdj=Td2+Td3-j • T d 5 , 

xmztt&ztm+mxjb&o zfuzx^), s^^ny^^ (fdle, fd 

LO) Oil5£B#F H ^||{±, v^&&i§^H&T d 5T— 5eK& *K il5£^HI£& 
[0 0 2 0] 

*#&^HJ:£DLL[I]j&fi. ^£1^ n -y ? If (CLK E x) £^tT, Xtl 

?Uy?m^- (CLK1) 7 7 (1) XtSWytm^ 

(clkd zmmLxm%k<omm?uv?m j it (ti~t n ) z&Jj-t&mi 
m&mm (6 1 ~6 N ) ^ m^mmtvytm^ (t i ~t n ) ©h^?> 

f 1 n •> ^^ifS^f 2 n 7 f (CLK_E. CLK_0) £ 

miRLx&t)-tz>mi j ti'?? (7) x^^o^ff (clkd *mm 

LTtl^Il^ny^Hf (CLKD) ££j&-r<5ffl 2 (3) fl. 

»^n»;m (CLK EX ) ^I@Lti2^Ii^D^ff (CLKD' 
) *&Jffi1-&*3a&iai& (3' ) fc, ll^D^ff (CLKD) i 
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*2^ag^n-;^ (CLKD' ) i:il»D^if t|2Il^D 

( C L K E N CLK_0) ^H^5>2ooS^D^ff (F 

DLE, FDLO) *MlRLritit}1r&m2 9 (4) jl^n-y^ff 

(FDLE, FDLO) frbftW? a y ? (CLKin) Z&l&Lxmjj 

-rzmm&i&®& (5) tzmz-x^ho iidllw, a#? n # 

(CLK1) ££j£"t&fc*!>K, fl.*B*n**^ (CLK E x) £^tT«* 
^t^A^^r (1) tfm^hti&m^^^ X »)M^;i/-I/- h Sr/h 

[00213 

£ offj&^ffl $ ft* »£\ A*^y^ ( c l k i ) frb frism 1 

&?uy?m^ (CLKD) H>*$iJ&2ti&mfflftlBll±> A*^^^ (cl 
Kl) ^^ilI^n^lWI21^n^if (CLK_E. CL 
K_0) ^Mc£ft*®Ml^«t «9 fc/hS (CLK EX ) 
Hi2^1i^n^ff (CLKD' ) j&*£j£$ft*S®l$raU\ 

77 (i) (DMtenmt, Ati?vy?m-% (clkd frbmi&mMtv ? 

(CLKD) ^i$*L5a®HH^J: L^o 
[0 0 2 2] 

mimmn (6i-6 N ) »±> fi^mg^sftfcffu-sjma&fr?- (6i 

~6 N ) £^^*j&$ft*£tantf&-cfc* 0 illiti 1 (61) OATJ^f 
i^ti, A7J^n y^ff-^- (CLK1) ft, & i MM^T- (6 j) (i 

liN-mTOftloSM) OW*3I^i«rgB»i + ia®3RT- (6 i + i) 
OA^SiTKSMfcSft*,, Hl-tl^? (7) (±, ^l-^NilM^T- (6 i~ 
6n) ©HWimlit? (6 m ) (mil, 1 JiUiN - 1 MTO ? *» 

j&*<baMR$ft*&) ^m#aT;&o r f&m+ ls&st?- (6 m +i) ^tb^a^ 

hZti^tUzmjjZtLZfv y?m-% (T m , T m +i) ^^l«^o-7^« 
Wl2I^n 7 ^ff (CLK_E, CLK_0) <h LT31^ LTttl^Ji" 

[0 0 2 3 3 

*l^n?m (CLKD) 0»fc*2iWlg^n7m (CLK 
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d' ) (DWitki, wzwthKtt^o m l^mm? n y (clkd) <om.* 

, M (Mtt, 1 &±.<Dmi) tU ^2^«^n-7^if-f- (CLKD' ) 
4\ M' (M' (i, 1W±WSS) iLt, H2 -flNilM^ (6 2 -6 N 

) (ommv&mi*. m— c*>k ^2«ni£& (3) mie^i^ii^^n^^ 

M-t (CLKD) £**L^Kfc£j£^**U -fcMa&S (3 i ~~ 3 M ; M= 2 
) H3SS£IHj& (3' ) f±. fffB^2^il^^n-y^^ (CLKD) 

^-e-tL-rtLn^i-^n i ~im' ^asa&& (3i' ~3 M ' ' ;m' =2 

) il~fMi^ (3 1 -3 M ) j ISS (3 j ) ( j li 

MJ^TOg^) ?>a3£R#H t d j fulfill -IM' (3 i ' 

-3 M ' ' ) 0H0»k^SaSS (3 k ' ) (kfiM' WTOgM) O 

iiM0#r B i t d k t (4, "7 t ( 1 ) <DMte$*fflT du 11 mnm^ ( 6 

l) (DmM$$mTd2, mitls?? (7) ©I8l^lSITd3, OT2-IN 
SM^T- (6 2 ~6 N ) C0il5SBtraT d 5 *fflv>T. TIS^: : 

t d j =T d 2 +T d 3 - j • T d 5, 

tdk' =T d 1 +T d 2 +T d 3 - (M+k) -Td5 
t^$^:t»Sti)So Ztiizkt), SK^n^if ( F D L E > FD 
LO) oa^K<^llf±, v^fc&SSr-g'fc&T d 5t- «9 , II^JSEIK 

[0 0 2 4] 

SSDLLift{:*v»-C, Il^i^ (5) (4. ^ny^ff (CLK 
IN) <0j£^±**IJ 5 >^ 5 \ Wn^Mf (FDLE, FDLO) <0 
jl*>±76 ? !9 5 >^c7)p B ^;^^j; ^ fc, Jo, n -7 ^ jf -Sf- (CLKi N 

) 05l*)T^l9 9 4 5 >^**irgsa^^n y ?lf-^ (FDLE, FDLO) <Dal 
*>Tj&*«? 9 4 < >y<DmK%2> «t i nU9Uy 9^ (CLK in) ^31^ 
^n-;^ (FDLE, FDLO) rt*f>*fcj£ LTtb^-f * - t mYM^hho 
[0 0 2 5] 
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fCLK i N ££j55c1-£DL LHJi£-e£>£o ^iDLL@l^(i, 1 

[0 0 2 6] 

AyV^ 77lli, Z(DAt)mir^m£2ti2>9m? o y ^ m ^-c L K E x ^ 
ti^S4Lt^D7^1ffCLK 1 Z£.f&~?Z>o A^';7 7 1 t±, ^ny^ 
ff-^C L K 1 £«3tMR@i&2 i:ai*tao 7 ^ff C LK 1 (i, 

[0 0 2 7] 

LK_E. C L K_0^«1-^»o 31M^EI]^2 60il5£B#r^ (BP*>, * n -y ? 
jf-^-CLK l/6^^n -y^'fi-^CLK_E^M$tt^>il®BtF^<h, ^n-y^lf 
fCLK l^ib^n-7^jf-^CLK_0^^:$tL^>ilMBtF^) (i, nTf£-C&£ 

-To 

[0 0 2 8] 

6 2^Ay^T-K^£*u iIM*T6 2 ^ S^T-B i £ ^ n -y ^ 

ll-tT ! £iI5£LT^ n -y ^Mf-5f-T 2 iltijj-f&o J^TTOH. % i S^il^ 
T-6 i ^m*^T-{i> H i + HSOS®^ 6 i + i K&m2ti. H i + 1 

+ 1 ti. n ii^oii^T-e i«t^^n^iifT i 

Pin^T j JblHtJjir &o i^tili, 1 J^1±N - 1 J^TOSire&& 

I®i?-6 i tUliA7 7 7«^^ 0 «r<7>£*X ilt, J^JIT 

His^T. A777 6 1 tUMZti&Z ttf&Z> 0 S5i^6 1 ~6 N ^tL^' 
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[0 0 2 9] 

-T N ^)H, R«-r*2ooS3S3R : f-6 m , 6 m +i (mti, N-lJ^TOg 

E, CLK_0tLTtBtlt^o ilM^T-6 m , 6 m + i ^(i. ^tfcl£?>il 
Sa^prNfefK ^{i^m^^S^^-^^^o ^n-^ff CLK_Eii, ? 
n-y^jf-^Tm, T m+1 <7)d^», \&m*Xh&m&mi'^£^X^$LZihZ> ? 
n y tm^XM, * o y *#-5§-C l K_0(i, ^-CiSIjll^Ciot 

£ * n y ? ll^T 2 £ ^SK $ tLZ>m&. ?uy? m^T i a y * jf -?§- C L 
K_0h LTm^^tL, ^ n 7 ^ffif T 2 d ^ ^itC L K_E t LXHj^j 
£*i&o — -bV7^ 7i:J:ot^D7^ifT2 <!: -y ^jf-^-T 3 
^S*L*»£\ ^ 0 7 ^|ff T 2 a ^flf C L K_E t LXtitfjUtL, 9 
u y ?m^T 3&?u v fim^CLK^ tLTmt)Zti2>o ^n^fifT i 
~T N <7>9 *>OV*-f *Lj&*? n y tm-^C L K_E, C L K_0 <h LTS^ *i<5> 

[0 0 3 0] 

alM«^IHiE&2 tL&BMm^e l ~~6 N^^Nti. SfgD L L [Uif&O* 

KOWSnr^lKHOJ!£$**5£i-*o SiDL LEHfrO.X/l'-I/'- 
P3£TO$eB£j2;<-r£*:ae>K % #<OlIif6 i-6N#ttI^4. 11 
i ~6 N ^mN(i, MWCIi, 1 2 8T^^ 0 i~6 N <?)i 

[0 0 3 1] 

llOA^7 7 7 lMt^^n-^ifCLK l(i, Ii:, ®3£f?3<7) 

M-^-C LKD^4Stl)o 
[0 0 3 23 

m&3<Dmmmm t <n±, siM2<oiiM3iiT6 1 oasis 
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flTd 2 t-tU? ? 7<7)MMB#Fh1T d 3 t<D%\£ •) <>/h$v» 0 jI2£^6 i ©1 
JURIST d 2, StHrl'** 7oa®NFWT d 3 toftli, il5£il^01^ 2 « 
^#&ft/hoa®B#F^&&^£>, II^3<DliHII t dl±, ilM31KlHlS&2 
oft/h<aa3£B£W<fc •) <>/h$^o 
[0 0 3 3] 

Jruvtm^CLKDlt. Wf H Wlv>-bl/^^ 7 fc^H"* £ < 
[0 0 3 4] 

mMm^m^2^^v^ 9 7^mtii-^^n -y^jf-^cLK_E. clk_o 

IIS3MtS^0 7^ifCLKDtli, -fel'* * 4<0 3l^S 

CLKD, CLK_E, C L K_0<7) 9 2 o**Offi;fc^j&>e>aKMKtti 
^1-^o ^n-7^ffCLKD, CLK_E^)H«-WD^ifFDL 
Efc LTtB^j $ ^ny^ifCLK.O^n-^lfFDLOi: 

[0 0 3 5] 

aS^JSKEIft 5 J±> -tut?? 4&mj)ir&?uy ^ffFDLO, F D L E £ 

* n y ^ff FDL O&O*? n y ^ff FDLE^*.!^! * >f ^ >^'<7) 
fflfc&a FW^n y^-fg-^C LK i N ^1*>T^1 *>f < 

^ n 7 ^f^-F D L OS^ d f ^i^F D L E<^)i*>T^l) 9 A < >y<7>mK 

[0 0 3 6] 

Wn^ifCLK IN tt ^n^ffFDLO, FDLEO^Jtf 
R (O^RsSl) «:^t^7^1fiBIASO, BIASE^tt4^^ 

ttiliE# 2004-3004007 
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EX^^^»^ (fUHb, IID L LH|{S&<7)^- 1/- h) Sr^-t*^^^ 
-?T?£>*o ^n-y^lff FDLO, FDLEO^^D-^ffCLKEX^ 

DLL a f Tffi5$; : 

T DLL -Ta+ (Tb-Ta) *R - (1) 

E^IOOXR (%) , ? n -7 ? ff FDLO^IOOX (l-R) 
n^ffFDLE^lOO (%) , ^n^^ff FDLO$-0%Oi^S 
[0 0 3 7] 

TXSfiB I A S O, BIASED j^MO^J&Jt^ R <t ?C3> 

[0 0 3 8] 

0 2^, a&#j£0ft5©@KI2<a— -Wfc^-fo aS^EItt 5 li, 
^ 1 1-14, Nf^r^MOSFET (Metal Oxide Semiconductor Field Ef 
feet Transistor) 15. 16, NAND^-M 7, Pftl>MOSFET 
18, 19, Nft^MOSFET2 0,2 1, MPft^^MOSFET 
2 2 fc-g-fro * n y ^ff FD L O, FD L Efi, ZtL^ti^ 4 1 1 , 

12©A**fi:M$ti4, ^>A-^ll^tHMm ^>^-^13* 
^•UNft^MOS FET 1 5©f - MwgM&£*u -Y 1 2<7)&t} 

3ST-f±, 1 4 £^LTN^*;HV[0 S F E T 1 6 0$*- h KSMBS 

tt&o >f 11,12 ^>m^J^(i, SEtC, NANDr- h 1 7©A^S 

?Cii$Htv^ 0 NAND^-M 7W^^(i> Pft^^MOSFE 
T18, 1 9 0^- H:li$tttv^ 0 Pf t^MOSFETl 8, 1 9© 



mtE#2 004-3004007 



mm 2003-050587 ^- v : 16/ 

^MOSFET18, 1 9 0Kl/^>li, fti-f'ti, NftlMOSl>7>y 

5, 1 6<Dy~^a^mmmmt^^mi L 2 5, 2 6tzmmz*tx^z> 0 

N^^^wi/MO S h ^yVT, 9 1 5 > 1 6 <£> K W 'IC, ^rti^TtiNf- ^ 
*)1>M0 S h 9 yV7s9 2 0, 2 1 OV-*fc«£6'$*LTV>£o Nft^MO 
SH>y^^2 0, 2 l^y-FCii, -e-*i-r*U BE^O/^ TXtfiB I A 
SE, M'BIASO«?Wo Nft^^MOSh7>^^2 0, 2 1 
O KU>f Pf t^^MOS b 7>yX? 2 2 co KW ^KgMSESftTV** 

o Pf+MOS F7>yX^ 2 2 coy- h Ji, BEifcON AND^- h 1 7 co 
ffl^ai^KSMSSfu Pft^^MOSF7>y^^2 2©y-Xli, m^Wfc 
*^-rZ>m$mi'2 7fcgM£$*lTV*& 0 rtl^o^^CLK j N t±, 
MOS l>7>y^^2 0, 2 > bzjgmZfr&ihlJiffi^frbitit} £ ti 

[0 0 3 93 

. »7n^ffCLKEX^^^7n7 7ifCLK j N ££j£1- 
[0 0 4 0] 

^y n 7 y if C L K E X M^' 7 7 7 1 KA2j£*l, ^n^ifCL 
K 17& ? £$;£*L& 0 7a77ifCLKlii, I^M@S&2 i:A^)$^ 35i 

o y 7f f C L K 1 li> il^[U03 7D7 7ff CLKDMi? 

[0 0 4 1 3 

fcfc-f&o Mx.H, ^|^DLLHIS&^i-f(5^ny^CLK E x^l w I^I--CT-'-^ 
Zm>JlirZ> i/>? Df^DR AMK^ffl £*i&^tc(±, ^7ny7CLK E . 
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k i N^<Dmtemm<Dffimm&ikfczti2>o 

10 0 4 2] 

££j£U mMmiR&\&2V>-tel'? ? 7 izitiljir&o -bV**7l±, Rffll«HS-£- 
t«LT^D7^^fCLK_E, CLK_0^m^Jl-^o 
[0 0 4 3] 

D, CLK_E. CLK_0<7)^fti^?0 7^ff FDLO, FDLEUt 
[0 0 4 4] 

tFD L ES^F D L OO^Jt^R «:^t^M 7^tEB IASE, BIAS 
0££j£1-£o WM&J&®$&5 it, TXtEB IASE, B I A S 0 KJS£r 
LT, ^D7^ff FDLO, FDLE^f)W^D^ifCLKiNM 

[0 0 4 53 

?u y fm^&tU? ? 7 KX^XM^ti, ^n-^ff FDLO, F 

DLE^LT. Wti^n^fifCLO, C L K_Etf ? -fc V 9 9 4 i:i 
-oXMlRZti&o BP*>> IK?W^o^|f^n^|fT m> T m +i 

v*®-%T m , T m + i (i«^*L£ 0 £*l£J:!K Wo^ifCLK E 
X^^D7^|fCLK_E, C L K_0^<DMM^m^< & <9 > IIDL 
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o 

[0 0 4 6] 

fCLK.E, CLK_0i: L"CH 1 ^.^MM^-F 6 i tc^v^M^^^ai* 

?m^C LKex^^^d^ ^m-^-C L K E > C L K_O^^iI^0#^^@ < 

iiDL LIIl^cT)^.^ — 1^— h75 ? M< &<l>o 
[0 0 4 73 

^n^fifCLK_0, CLK_EtLT-etLfti^n^if 
T b T2**aiR$^o It:, 18S3^t)M§^^D -.y^f-^CLKD 
fcS@a^EItt2 ? n y y-m^rC LK_0fc#, * n ? ^f-^F 

DLE, FDLOiU, ^ft^*LMiR£*U>o -*UCi*K TO ^ n ^ fg-5§- 
C LKex^^^ d v ^ifFDL E, F D L 0^Oj§2£B#(Wl§ < 4 «9 , MB 
D L L®9&<Dy\)V-l>- hri 1 — JBK@< 
[0 0 4 83 

^n-^ffFDLO, FDLEcO^Jt^R* 1 i:Lt, EP*>, ^n.y^>fg-5§- 
F D L E £ 1 0 0 %. ^ n y ^ffFD LO^O %0«^-C^JS LTF«3«B^ n y 
^|fCLKi N m^Wo 
[0 0 4 93 

W±«^tT^Il«^D L L HJS&ti, ? n y ? jf-^C LKD» 

^Dy^ifFDLEi:Lt^n^ffCLKDW?Wo M 
^J&ifrPR£ 1 i:t4itt:J: •)> n y ?«-5§-C L K x N (i#fc#K? 

n^MFDLE^f)4i$tL^ 0 ^ot> rt3^o^H^CLK IN li, 
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[0 0 5 0] 

*HiOf DLL i^«7)f /hX - 1/ - h T d m i n(i, Tttt 
Tdmi n = Tdl + td, 
-e^^tt^o iit, T d 1 liAtJ^y 7 t 1 <DMM^m, tdli, 3i5£§?3<D 

T dm i n<T d 1 +T d 2 +T d 3 , —.(2) 
-2) o 

[0 0 5 1] 

*I1W§1«0DL LBKri*, E18<7)^ODL LUI^ct 0 tf/hx;u-P- 

o ^*ODL L|lI^>6 s -e-C0^;v-l/- h * ft/Ml "t&fci&Kti, ^n^fg-^-T 
K T 2^^-tL^tt^n y ^ffFDLO, F D L E £ LT3§^£ * n -y * 
ffFDLO, FDLE^P>rtHi^D-^ifCLK i Nri*£fifcS*l& 0 
[0 0 5 2] 

^DLL@KOft/J^;i/-l/-Hdmi n' J±, 

Tdmin' = T d 1 ' +Td2' +Td3' , 
T?^3*l*o ritTdl' l±A^*y77l 0 lOlS^fW, Td2' fiilE 
3R^F 1 0 4 i OW^, T d 3li-tl/^^ 1 0 5 0aMBf^T^^ 0 \J3'*y 

77101, «fi 04 i, -ti/^^i 05t ut, -eti-rti, 
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ffl£*L££-r& IfcSfeODLLiai&OjI/JvXA'-U- fTdm i n' (i, Td 
1 +T d 2 + T d 5* (2) #>kS»P$*l& «fc 9 ^HifeO^OD 

LLUlK&fi, fOf/J^;v-l/-Mdmi n «OD L L 0«&<7)ft/h* ;l/ 
-V-hTdmin' «t «9 < tSCi^M^o 

[0 0 5 3] 

jWflg-e* "9 * n 7 ^Mf-^C LKDM Ltrt^^ n y tm^C L K 

[0 0 5 4] 

|WJ-<7)T d 5 KStU «SS 3 <7>iIMB#Fifl t d(i, TIB^:: 
t d =T d 2 +T d 3 -T d 5, ••• ( 3 ) 

t %2>& 7 bZfctbbti&Zt 2>o C\ZX~±&<D£7 tZ, Td2(±il5£ 

m^-e i <Dmw$wi-e$>i), Td 7©iih^-& 0 ico<t^n 

fi?CLK EX ^iiH/:^^ S&£»j£lol& 5 CM? 2o^d 7 
^'ff-^FDLES.O ? ^n-y^'ff-^FDLO<7)31@B#F B ^^Pi (2£) tt, Td 5 t 
— 56 K & £ 0 ?u y ? m FDLEM^D-^ F D L O Oii^WlO^fil 
^-^■e^Sitfi, ^ff FDLESO^n^if FDLOi: 
■T*tO * n * * jf#^il^ $ *l£ <z> K *> M fc> «b fliMIK 5 <7>#14 
£iK*3Sj&*&^£ <h Srj&SfcLT js £ Lv^ 0 ^ n ^ff FD L n y ? 

F D L O OM^FbWb1RSt5 ? — ^"C* Z> £ li, 3>hn-9i:J:oW 
T^SffiB IASO, B I A S E ^ ^ : t Itt ^ * t Lv> 

o 

[0 0 5 5] 

#ll*fe<&^®K*3v>-£\ DLLHIKof/J^;v-v- hfcMK'hS tub 
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a®SS3' it, XlJ^ yyr 1 *^$f i:^«5^ o 7 ^i^C L K e x*^T 
^MCLKex^U ^D-^ffCLKD' tiit^o 1 
$£££3' OlS^lt d' t±, AjJ^y 7 r 1 <7)ji3£Hf^T d 1 tl®^3 ©I 
3£B#IBI t d t<omX *) fc/hS < «£ 7»^*?>^o -bV^^4li, ? n y * 
ffCLKD' „ CLKD, CLK_E, CLK_0<^HW2o^^d^| 
f FDLEl^n 7 ^if FDLOt LXltitlir&o 0 4 Ofll^tOD L LEIK 
<7)x;i/~ 1/- h SrJft/htri-^^iftnti, EI 5 *LTv*& «fc 9 ^ ^n-y ^jf 
fCLKD' . CLKD^n^ffFDLE, F D L O t LXMKZ fix l*J 

J£B#ffl>& ? — S K'h $ n -7 ^ it^r CLKD' ffftW 9 n y * ffl^ CLK IN ^) 
[0 0 5 63 

«®SS3* #^d£*l&*§£\ i®tf 6 2 - 6 N^tLWimr B iii, ^ 

TtL^|ff|— <DT d 5 K£*L> 3 OjlMB#F^ t d ^_Li£<7)^; (3) C^ot 

5£#><b*U S3^S3' OlSHiait d* it, 

td' =Tdl+Td2 + Td3-2 - Td5 —(4) 
ZffifiL1-2>£7 K^#> hfLh^t mTMX& £ o 9 Kg3£n#K&&5E"f& 

2 00^ n y i'ifFD LEM^ o 7 ^Mf-^F D L OOS^IBOIB 
Pi (H) ^Td5t*-SCU ±j$fc^oifii:J:ot*fiL^, 
[0 0 5 7] 

Mt-*^Ufc03^38PJ-i5V>r. El 6 K^£*iTv>£ J: 9 iP^D'^M 
C LKD#, l*Jgf^ n y ?m^C L K 1 n^^^^ 2 - ^ OTT^-C** 

o 

It^^D-^iffCLKD^W^fel^ ^mojl^t?3^A*/^7 "7 r 1 
oajM^fc-tl^^^4WBi:^$n5o ^<7)315i^3<7)iI^B#FBT(±, 
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7 7 7 com&fflT d 3 t<D%}£ *) i>sh£ < , £v>fc^fc& £ d 

ti&o H6 0DLL[iIi^-e(i> 2oo^n-^ff CLKDSr^Wttt* 

JO 0 5 81 

, CLK_Et i»^n^i^CLKD<7)H(02o^^D^ffF 
DLE, FDLO<h LTS^U ja^lSEIK 5 tt, ^^ny^lfFDLE 
. FDLO^?>rt»^ny^CLKiNi4*tSo SUDLL [US§<7)^ ^ 

^tfFDLE, FDLOhLTM^ti^o 
[0 0 5 9] 

7s )V - v - h oipg *t£^:-e # * s~r?WMXlbZ> «, 
[0 0 6 03 

II 7U y 7 \t^C L K D <0&j}*& <%2> tJzU? 7 4 <DmM$£!BM>*jz § < & 

o tft/h^ - 1/- b */h$ < 1 5 - i: #t i 4 < i 4 0 Z<Dfztb, El 6 

fi> S®M^[HS& 2 H-g-i V * * 7 OA^STf-^gc «t 0 & -b 1/ * * 4 OA 

Xl)&3-<?>%LTb*m#> T/h $ v j& t & & £ ^r^j -e £ & o 
[0 0 6 1 ] 

-ftibm-^Td sn^tu E.o. a^3 j (Dmmmm t a j M^iisst? 

3 (Olt LT> 

tdj=Td2+Td3-j • T d 5 ( j fi, MJ^TOgii) , 
*8SJS.-t*«t 9 i:gJ6^^:i:«^4„ o \zmmm ffl*fc£>2> Z 
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t it, M&&l&m%t 5 Iz&j&ZtiZ 2*D<T>?uy ^ffFD L ES^ n * * If 
^FDLO<Z>3®l$Wtf>HIHI (M) ^Td5«i:t^/:WHL^ 
[0 0 6 2] 

MK, |H7 H^^tLTV^i 9 K> ^jf-^-C LKex^^W^ 

D'^ifCLKD' IWll^n^ifCLKD' 
? n ^fif C L K i ti-S i t«^^o g|7-C*d\ «»0^n 

^ffCLKD' f±, 2 X oTE8lJ$#it^4, BP*>, EI 7 <£>fl&£ 

■C{ia®S3i' , 3 2 ' tliotW^^^^n-^ifCLKDi 
' , C L K D 2 ' ^ffl^t^^ o ^ff C L K i N M?^o 
[0 0 6 3] 

L K i N©4itttffl?*L4i Ill 7 Kti, * n * ? fc-^ 

CLKDj, C L KD 2 WSI5^ D 7 ^if C L K 1 N^4^^f ffl^^^IS 

[0 0 6 4] 

mm&3. 3' oMBirBKi, Wn^CLK IN ^S$iL/:i:^l 
»^n^ifCLKD, S^CLKD' OjI®l$Wj&*, A^7rl, 
Oil^Bfr^ T d 1 <h «31^H1J^ 2 OH 1 &<Z>iI3£ff T- 6 1 <DMMmm T d 2 t 

[0 0 6 5] 

H70DL LEU&Oi&fMi* TffiOJ: 9 K4fcE3*i& 0 ilM§?3, 3' Cio 
Tfiif*l4)fi?ii5^Dy^fl^CLKD, CLKD' fi, -b 1^ * 4 K A# 

CLK_Et, ^O^ny^fCLKD, CLKD' wH(?)2o^n 
■y ^jf-Sf-FD L E, FDLOhLT3I3RU SS^EItt 5 «U ^O^tf^^f 
f FDLE, FDLO^^ra^n-^ifCLKiN^it^o ilDLL 
W&<OXfr-V- <-T^)J#^ ^D^ffCLKD, CLKD' Od 
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*,02o^o^fifFDLE 1 FDLOh LTiiiR £ *L£ o 
[0 0 6 6] 

17«(i, < f& - t^plf^-e*^ t [bJB^H 

[0 0 6 7] 

§?oa«r^(i, A^y77ioagnMTdit, «S3<?)9*>?>ftkii 

[0 0 6 8] 

MK, ttmoilSES 3 ' <7>S3£BtlH1fi> XfJ^yyr lwiMB#f H 1Td 1 
S^3^d^<^*^iI5iB#P^^>h$v^il^(7)il5i0#^<5:OfPJ: 0 &/h£v>£ 

[0 0 6 9] 

2 ~6 n*rti<?tuDM&mNH** ^-ftii> |WJ— OT d 5 
tc£tu £o N aSS3 j . 3 k ' O^tL-rtLOji^^W t d j , t d k ' »±> 

t d j =T d 2 +T d 3 - j • T d 5 —(5) 

tdk' =Tdl+Td2+Td3 - (M+ k) • T d 5 ••• ( 6 ) 

Oi$*&-C&*K kti, 3®S 3' «tM' WT^Si^JbS, #fl;L«i\ 07 
0«^-C-{±, ilSS 3 i, 3 2 OiI5£l$H t d i , td 2 A ? 

t d i =T d 2 +T d 3 -T d 5 

td 2 =Td2+Td3-2 • Td5 
t&Z&oKfctbbti. 3ISS3 r > 3 2 ' ^SSB^rat d i» , t d 2 ' ^ 

t d i ' =Tdl+Td2+Td3-3-Td5 
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t d 2 ' =Tdl+Td2+Td3-4-Td5 

fifCLKEX^^ Ltzt£<7)^ mm&f&®& 5 iZ^ffiZtiZ 2 o<7)^ n y 
^ffFDLEI^ny ?\t^¥VLO<Dm~®MW[(Dmm (^) £Td5T— 

[0 0 7 0] 

@7<7)1t^H43V^r. tl^^^^n-^ifCLKD, CLKD' OffcS.^ 
®E§?3, 3' 2 izmhtitc^o H. U ^n^jf-f-CLKD, CLK 

[0 0 7 1 ] 

;l/ _ p _ h ^ ^^DLL Ull^^tim $ ti& 0 
[@®<7>ffii£ftf&HJ!] 

[mi] 

Hlti, ^BJ^i 1.11(7)- ftm<VD L L[Ui^^^i-o 
[H2 J 

0 2(i. «^HH^5<7)^^^i-o 
[H3] 

[HI 4 J 

[IS 5 J 



t±5f£# 2004-3004007 



mi 2003-050587 ^- v : 26/E 

- Mf*4o 
[06] 

h 6 *mmoBm<vD l l mom 2 m.^m^7^-ro 

[H7] 

H7{±, DLL 3 f JF^ ^^to 

[®8] 

El 8 (±, l^<7) D L L ES& ^^"To 
[H9] 

1 : A^J^y "7 r 

2 : mmmtR®& 
3. 3' :3iMf? 

4 : -ti^ ^ 

5 : S2£^J&H]£§ 

6 1 ~ 6 n : MMm^- 
7 

1 1 ~ 1 4 ! >f 

15, 1 6 : Nft^MO S FET 

1 7 :.NANDy-b 

18, 1 9 ! Pft^-MO S FET 

2 0, 2 1: Nft^MO S F E T 
2 2 ! P^^MO S F E T 
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i] 



f , 



CLKEX 



1 |61 



62 63 64 , 6N-1 



6N 



^7 

CLK1 



v T1 j T2 j T3 J T4 V TN-1 v 



CLKIN- 



FDLE 



FDLO 



n 

BIASE BIASO 



CLKD 



CLK E 



CLK_0 



T 



TN 
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[El 2] 



BIAS0O 
BIASED- 




OCLKlN 



777^ 777^ 

26 25 
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[0 3] 



(a) CLKEX 



Td1 



Td2 



Td3 

-=5» 
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[H4] 



9m _ 1 

CLKEX I hH>7 
CLK1 



/ , 

61 T 62 T 63 _ 64 _ 6N-1 _ 6n _ 
V T1 I 12 J T3 J T4 V TN-1 J TN 



3' 



CLKlN 





FDLE 














U 




FDLO 











n, 

BIASE BIASO 



CLKD' 



CLKD 



CLK E 



CLK 0 



T 
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[EI5] 



' «Td1+Td3) 



(a) CLKEX 




(b) CLK1 

(c) CLKD 

(d) CLKD' 

(e) T1 

(f) T2 

(g) T3 

(h) T4 

( i ) FDLO 
( j ) FDLE 
(k) CLKIN 
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[0 6] 



CLKEX 



CLKlN-e— 






FDLE 














U 




FDLO 











n 

BIASE BIASO 



CLK_0 
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32 



CLKD1 I 
CLKD2 
CLKD1' 
CLKD2' 
CLK_E 
CLK_0 

l l { 

BIASE BIASO 4 



CLKlN-e— 





FDLE 








Hz 






U 




FDLO 
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[HI 8] 



102 



l ( 



„ 9m 101 

CLKEX | H>j- 



11041 1042 1043 1044 104N-1 104N 



TN 



CLK1 















r— — ■ ■ ■ — 





CLKIN 




FDLE 



FDLO 



BIASE BIASO 



105 
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[H9] 



(a) CLKEX 




(g) FDLO 



(h) FDLE 



( i ) CLKIN 
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/h§v>DL LlHlKSrit^-t-^o 

^SfcWKi&DLLIIII&ll. A^^n-y^-ff-^- (CLK1) *S 
IMi^n 7 ^if (Ti~T N ) S:tti^-r*»liS®iaKt, % 
ScoS^^Dy^M-?- (Ti~T N ) OH^*Hg^ny 9te^rJkV1&2 
ig^D^j»f (CLK_E, CLK_0) $rMLttH^t^I 1 «fe * 

(7) A^^o^^ff-^- (clki) &mmLr&mm?V'y?te^ (cl 

KD) 2 3i3£[U£& (3) * n y * if ^ (CLKD) 

\Mfe9W9fe^r£1&2Bte9Uy9te^ (CLK_E. CLK_0) £<Di 
W20«1R^0 7^ (FDLE. FDLO) ^WRX^X^^ h%2 
(4) Wn-yi'i^ (FDLE, FDLO) *^F«3SP^ny^ 
fl^ (CLKin) Sr^LTm^i--5S^JKEIK (5) t^fitv^ 0 
[S^HI] EI 1 



miHf 2004-3004007 
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fftg«#^- [500174247] 

1 . tM^H B 2 0 0 0^ 7A120 

ffi 0f mmfP'f *EAii 2-2-1 

^ £ ^ M - y * * 'j W^m± 



ttiwE^^ ttliiE# 2 0 0 4 - 3 0 0 4 0 0 7 



